In a recent commentary on the`fundamental question' of whether obesity is due to high energy intake (EI), low energy expenditure (EE) or a combination of these factors, Roberts and Leibel 1 discuss some of the problems associated with studies focusing on this issue. Given the con¯icting evidence from published studies, they suggest various reasons why some studies have failed to relate weight gain to these factors. These reasons include: 1) sample sizes being inadequate to detect the metabolic imbalance in question; 2) studies missing the`window' during which the weight is gained; 3) the environment mediating energy balance; and 4) genetic factors determining susceptibility to energy imbalance. A further similar reason not mentioned, is that self-assessed EI is prone to under-reporting.
2
These factors may all be relevant to studies focusing on weight gain. The implicit rationale, however, is that weight gain is indeed attributable to high EI or low EE, and that where such relationships are not found, the fault lies with study design or confounding factors. This rationale is rarely questioned, but it is a rather narrow interpretation of the laws of thermodynamics. In fact, it is worth considering whether thè fundamental question' is actually a helpful question to ask.
First, there is some confusion about the characteristics of EI and EE which link them to weight gain. Researchers refer indiscriminately to low or reduced EE, and high or excessive EI, without acknowledging that for each variable, the two terms are not interchangeable. Relative to the general population, there is no a priori reason why low EE, or high EI, should cause weight gain. After taking body size into account, the population still shows a range of EE and EI, and weight change may occur in individuals lying at any point within that range, providing that EI and EE do not balance. This is well illustrated in the study of infants born to lean and overweight mothers, 3 where one of the infants which became obese at 1 y, had one of the highest values for EE at three months. Likewise, in both infants 4 and adults, 5 there is no crosssectional relationship between body fatness and EE.
It would be more appropriate to speak of insuf®-cient (reduced) EE, or excessive EI, relative to the quantity required for energy balance. Here, however, second problem arises, in that the distinction between these two factors is largely arbitrary. Which one is actually responsible for the weight gain? In order to attribute weight gain to one of these two factors, it is necessary ®rstly to detect the metabolic imbalance during the weight gain (itself no easy task) and secondly to show that one of the two parameters has a signi®cantly different magnitude from that in a group of subjects not gaining weight. This second task is made harder by the fact that the imbalance need only be a tiny fraction of daily energy¯ux, 6 and that the two groups (weight gainers and controls) are unlikely to be matched so closely that such a difference in one parameter, but not the other, is evident. Studies claiming to ®nd such a difference in infants and children 3,7,8 have been criticised extensively, 6, 9, 10 and the only uncontroversial evidence comes from a population known to be prone to obesity.
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Thus the internal logic of the energy balance equation implies not that weight gain is due to high or excessive EI, or low or insuf®cient EE, only that subjects gain or lose weight if EI and EE do not balance. Both EI and EE must relate to the other to have any meaning, and surely energy imbalance, rather than excessive EI or insuf®cient EE, best describes the cause of obesity. It is hardly surprising therefore, that many studies have failed to link weight gain speci®cally to one or other of EE and EI.
1 Studies in early life 10, 12 have ful®lled an extra purpose, by allowing investigation of the hypothesis that energy balance during an early window or rapid fat deposition has irreversible effects on later fatness. However, despite positive results from animal studies, 13 no clear evidence in favour of the hypothesis in humans has yet materialised.
As Roberts and Leibel 1 point out, methodological limitations make it unlikely that simultaneous measurement of EI and EE, incorporating two sources of methodological error, will ever have suf®cient precision to identify the energy imbalance implicated in subsequent weight change. However, the imbalance can be identi®ed far more easily retrospectively, by longitudinal measurements of body composition. Traditional energy balance studies measuring EE and EI simultaneously may have little to contribute to understanding the causes of obesity ± even if the energy balance at a single time point could be identi®ed, we would still be left with the question, why the imbalance?
Thus, change in body energy stores over time remains an appropriate outcome variable, but predictors should comprise particular aspects of EI and EE, rather than their totals. For example, it has been suggested that some mothers may override infant appetite by giving food to quieten dif®cult babies, resulting in excess infant weight gain.
14 Such care giving practices could not be identi®ed by traditional energy balance studies, because the behaviour may be practised regardless of whether an infant has high or low energy turnover compared to its peers. But if excess weight gain is due to energy imbalance, and if a behavioural pattern is associated with that imbalance, then it is the behaviour, and not total EI or EE, that best describes the cause of overweight in this instance.
Obesity is a complex disease, and such ®ndings may not apply directly to other age groups, but a broadly similar approach, focusing on the causes of energy imbalance in other age groups, may provide further insight into weight gain. Energy balance studies cannot ultimately explain weight change, they can only provide further proof of an irrefutable equation. Investigations of sociological, psychological, biochemical and genetic factors underlying energy imbalance are more likely to be successful than studies focusing directly on total EI or EE.
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